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Abstract.  The objective of this study was to investigate the flavonoid content of propolis and 
poplar buds using a spectrofotometric method with zirconium oxychlorid reagent, according to the 
patented method of Tamas (1980). The flavonoid content of propolis ranged between 15.5% and 
19.5% chrysin equivalent and 22.4% for poplar buds. The obtained results expressed in chrysin after 
the reaction with the zirconium reagent were similar with those obtained by other methods for the 
quantification of flavonoids in propolis samples. The vegetal resins of European propolis have the 
predominant origin from poplar buds. This proposed method is simple, reliable and fast, in comparison 
with other previous colorimetric methods utilized for the flavonoid content of propolis, requiring only 
one reagent witch reacts with all specific flavonoid compounds contained by propolis (flavones, 
flavonols and flavanones) permitting their total estimation. 
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INTRODUCTION 
 
Propolis (bee glue) is a dark-coloured resinous substance collected from buds or 
exudates by Apis mellifera bees and used to seal their hives, being applied to the combs and 
walls of the hive, thereby insulating and reinforcing the hives as well as making the 
environment aseptic. European propolis contains vegetal resins collected mainly from poplar 
buds masticated by the bees mixed with salivary enzymes and beeswax (Bankova et al. 2002).  
It has been used in folk medicine since ancient times and it’s now known to be a 
natural medicine with antibacterial, antifungal, antitumoral, antioxidative, immunomodulatory 
and other beneficial activities (Burdock, 1998). Many beneficial health effects of propolis are 
attributed to flavonoids, mostly due to their antioxidant and chelating abilities. Flavonoids, 
one of the main groups of phenolic compounds in propolis, are the key compounds for 
estimation of propolis quality.  
More than 200 compounds have been identified (Burdock, 1998: Bankova et al., 
2002). More than 180 propolis constituents have been identified by Gas Chromatography-
Mass Spectrometry (GC-MS) (Bankova et al., 1992; Greenaway et al., 1991).  
In the resins of the vegetal buds and propolis the flavonoids occur only in aglycon 
forms and not as glycosides as they most commonly occur in the well-known plant material. 
European propolis contains the typical ‘poplar bud’ phenolics: flavonoid aglycones (flavones 
and flavanones), phenolic acids and their esters (Bankova et al., 1995).  The characteristic 
aglicons contained by the vegetal buds and propolis are flavones types (chrysin), flavonols 
(galangin), flavanones (pinocembrin) and flavan-3-ols. Besides flavonoids, phenolic acids are 
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the main active substances of propolis, as cafeic acid, cinnamic acid, ferulic acid, etc. 
(Bankova et al., 2000). 
A number of spectrophotometric techniques have been utilized for poliphenol 
estimation in propolis, using different reagents are like Folin-Ciocalteu reagent, AlCl3, 2,4-
dinitrophenilhydrazine. Is considered that the AlCl3 reagent, widely used for quantification of 
flavonoid glicosides, only reacts with flavonols and not with flavanones, flavanonols or 
flavones. Therefore, Chang et al. (2002) utilize two complementary colorimetric methods, 
one with AlCl3, for total flavonols, flavones and isoflavones content by a modified Dowd 
method, and another with 2,4-dinitrophenilhydrazine for total flavanones content by a 
modified Nagy & Grancai procedure. The Folin-Ciocalteau spectrophotometric method is also 
used for total polyphenol content (Singleton et al., 1999). 
Tămaş et al. (1979, 1980) proposed an UV spectrophotomertric method for total 
flavonoids estimation in poplar buds (Populus nigra) and propolis with zirconium oxychlorid 
(ZrOCl2) using chrysin as reference compound, since this is the major and specific flavonoid 
compound in both products. By this method, they determined the total flavonoid content 
(expresed in chrysin) of propolis from Romania (15.68-18.30%). Tămaş and Marinescu 
(1983) estimated in the poplar buds (Populus nigra) a total flavonoid content of 6.25% and in 
they resins 59.5%, expressed in chrysin, using the zirconium oxychlorid reagent. 
Chang et al. (2002) have determined in propolis from Taiwan and Brasil a total 
flavonoid content of 20.60-24.91% and respectively 10.38%, using naringenin (flavanone) as 
reference compound.  
According to the method proposed by Tămaş et al. (1979, 1980), which indicate that 
the zirconium oxychlorid are more sensitive to flavonoids of poplar buds and propolis that 
other reagents, wee purpose of this present paper to observe the behavior of this reagent with 
a flavones (chrysin), a flavonol (galangin) and a flavanone (pinocembrin). In addition, we 
intend to evaluate if this method could be applied to estimate the flavonoid content expressed 
in galangin or pinocembrin in comparison with the chrysin.  
 
MATERIALS AND METHODS 
 
Chemicals. Zirconium (IV)oxide chloride octahydrate (ZrOCl2x8H2O)\were purchased 
from Merck-Chemicals. The reference compound: chrysin, galangin and pinocembrin were 
obtained from Sigma-Aldrich. All chemicals used in the experiments were of analytical grade. 
Apparatus. Spectrophotometric measurements were performed by a double beam 
spectrophotometer UV-1700 with 1 cm matched quartz cuvettes (Shimadzu Instruments-
Japan). In order to perform the analysis, the following equipments were also used: analytical 
balances Ohaus-Germany, magnetic stirrer Fisherbrand–Germany. 
Materials. Two propolis samples were obtained from local beekeepers from 
Transylvania area of Romania in 2008. One sample of poplar buds (Populi Gemmae) were 
purchased from Plafar stores in Cluj-Napoca. Calibrated glassware was used throughout the 
experiments. 
Preparation of propolis and poplar buds extracts. The raw propolis and poplar buds 
extracts were prepared according to the Romanian Farmacopeea (Farmacopeea Română, 
1993). 2.5 g of each powdered samples (previously frozen) were individually extracted with 
25 ml ethanol 95% .The mixture was kept for 7 days in a refrigerator. After the maceration 
and filtration, the resulting filtrate was making the volume with ethanol to 25 ml in a standard 
volumetric flask The resulting propolis and poplar buds extract of 10% were stored protected 
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from light until analysis. For the reaction, the above solution was further diluted to get the 
required concentration (0,1%). 
Determination of UV-Vis spectrum. The UV-Vis spectrum of the reference compound 
was registered first in methanol solution (0.01%). After that, the reaction with zirconium 
reagent (2.5% in methanol) was performed by adding 1 ml of the reference methanol solution 
(0.01%) and 1 ml of zirconium reagent in a standard volumetric flask of 25 ml filled to the 
volume with methanol. The mixture was shacked for 30 seconds and the UV-Vis spectrum 
was registered after exactly 5 minutes of the reaction time. In the same manner, the UV-Vis 
spectrums of propolis and buds extract were registered, using 1 ml of their extracts (0.1%) for 
the reaction, instead of reference solution. 
Determination of total flavonoid content. For flavonoid content determination, a 
zirconium reagent was used by preparing 2.5% Zirconium (IV) oxide chloride in methanol. 
For the colorimetric measurements, 1 ml of zirconium reagent was added to 1 ml of the 
sample extract (0.1%) in a standard volumetric flask of 25 ml filled to the mark with 
methanol. The mixture was shacked for 30 seconds and the absorbance readings were 
determined after exactly 5 minutes of the reaction time, at the wavelength (λ) with maximum 
absorption values for each reference compound (establish in the Results and Discussions 
chapter). An ulterior dilution of the extracts was performed if the absorbance obtained 
overcomes the technical performance of the spectrophotometer. A standard curve of each 
reference compound (chrysin, galangin, pinocembrin) was prepared by using an adequately 
range of each compounds. The calibration solution mixtures were prepared by transferring 
different aliquots (1 ml, 2 ml, 3 ml, 4 ml and respectively 5 ml) of standard solution (0.01%) 
into a series of a 25 ml numbered volumetric flasks by means of an automated calibrated 
pipette. To each flask, 1 ml of zirconium reagent was added. The volume was then brought to 
25 ml with methanol. 
Statistical analysis. All determinations were performed in triplicate and results are 
expressed as mean ± standard deviation.  
 
RESULTS AND DISCUSSION 
 
As presented in the Fig. 1, each of the flavonoid reference compounds analyzed reacts 
with zirconium reagent. The characteristic UV-Vis spectra of chrysis in methanol presented 
an absorption maximum at the 268 nm and a shift at 312 nm, similarly with the literature data 
(Markham, 1982). In the presence of the zirconium reagent, three absorption maximum was 
registered for chrysin, at 386 nm, 333 nm and 288 nm respectively, and a shift at 248,5 nm 
(Fig. 1).  
The registered UV-Vis spectrum of galangin is characteristic for the flavonols, with a 
maximum absorption at 268 nm, 358 nm and 310 nm with a low relative intensity for the 
latter ones and a shift at 238 nm and 288 nm (Markham, 1982). After the reaction with 
zirconium reagent, this flavonoid compound presented three absorption maximum at 284 nm, 
451 nm and 367 nm respectively (Fig. 1). 
Absorption spectra of pinocembrin in methanol show maximum absorption at 290 nm 
with a shift at 328 nm typical for the flavanones compounds (Markham, 1982). By reacting 
with the zirconium reagent, the UV-Vis spectrum showed two maximum absorbances at 322 
nm and 379 nm, and with a shift at 490 nm (Fig. 1). 
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a.                                                      b.                                                             c. 
Fig. 1. The UV-Vis spectrum of the methanol solution of the reference compounds  
without (1) and with the zirconium reagent (2) (a-chysin, b-galangin, c-pinocembrin) 
 
The UV-Vis spectrum of the propolis and poplar buds ethanol extracts was similar 
showing absorbance maximum at 291 nm. They were showing a similar behavior after the 
reaction with zirconium reagent, when the absorbance maximum was registered at 318 nm 
with 300sh nm (Fig.2). 
 
 
 
                                        a.                                                                                           b.                                              
Fig. 2. The UV-Vis spectrum of the of the methanol solution of the propolis (2, 3 and 4)  
and poplar buds (1) extracts without and with the zirconium reagent (a-methanol, b-with zirconium) 
 
The Beer’ low is respected by all tree calibration curve in the range of 0.025-0.250 
mg/25 ml. Graphs of absorbance versus concentration showed zero intercept and are 
described by the regression equation presented in the Fig. 3. Regression analysis of Beer’s 
law plots at their respective 5 values for each reference compound revealed a good correlation 
(r2≥0.999). 
 
 
 
 
 
Fig. 3. The calibration curves for the flavonoid content determination using zirconium reagent 
(a-for chrysin, b-for galangin and c- for pinocembrin) 
 89 
 
The flavonoid content of the propolis and poplar buds extracts are presented in the 
Tab. 1. 
 
Tab. 1 
Flavonoid content of the propolis and poplar buds extracts determined with the zirconium reagent* 
  
Sample** Concentration 
 
% chrysin 
(288 nm) 
% galangin 
(268 nm) 
% pinocembrin 
(322 nm) 
P1 19.50 ± 0.78 25.60 ± 3.39 43.0± 1.27 
P2 15.50 ± 0.42 22.10 ± 4.10 25.0 ± 1.44 
P3 16.40± 0.71 28.60 ± 3.54 35.8 ± 1.02 
P4 22.40 ± 0.94 6.72 ± 1.02 30.0 ± 0.19 
*All results were presented as mean ±SD (n=3) 
**P1, P2 and P3 - propolis extracts, P4- poplar buds extract 
 
The obtained results expressed in chrysin, after the reaction with the zirconium 
reagent, were similar with those obtained by other methods for the quantification of 
flavonoids in propolis samples. This is due to the constant presence of the chryisn both in the 
propolis samples and the poplar buds. The results expressed in galangin are lower for the 
poplar buds due to the smaller amounts contained it. Contrary, the expression of the results in 
pinocembrin give higher values, this specific compound being over present in this specific 
samples.   
Chang et al. (2002) determined a content of 20.60-24.91% in the propolis of Taiwan 
and 10.38% in the Brazilian propolis. The authors also observed a high variation of flavonoid 
concentration in propolis depending on their origin.  
  
CONCLUSIONS 
 
We suggest that the flavonoid content of the propolis, by the zirconium reagent, could 
be expressed in chrysin or galangin, and the appropriate estimation in the case of poplar buds 
are in chrysin. Our results, according to other previous data, confirm the suggestion that these 
two products are a mixture of flavonoid aglicons. 
The obtained values obtained for the flavonoid content of propolis expressed in 
chrysin, are similar with those previous reported for the propolis of Taiwan (Chang et al., 
2002), but our method estimate the total flavonoid content of propolis samples analyzed. 
We suggest that the spectrofotometric method for the flavonoid content determination 
utilizing the zirconium reagent could be used for the characterization of the propolis and the 
poplar buds as important sources of these valuable antioxidants, being convenient and 
appropriate for routine analyses.  
It is well know that for a complete flavonoid content evaluation in propolis, two 
complementary colorimetric methods is required, within four major groups of flavonoids 
(flavones, flavonols, flavanones and isoflavones) only flavones and flavonols were found to 
complex stably with aluminum chloride, while flavanones and flavanonols reacted better with 
2,4-dinitrophenylhydrazine (Mabry et al., 1970; Nagy and Grancai, 1996 cited by Chang et 
al., 2002).  
Our proposed method is simple, reliable, fast, in comparison with other previous 
colorimetric methods utilized, requiring only one reagent witch reacts with all specific 
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flavonoid compounds contained by propolis (flavones, flavonols and flavanones) permitting 
their total estimation.  
The zirconium reagent could be utilized as an important tool for the quality control of 
the propolis used in the preparation of the phyto-therapeutic products. 
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